The nanotubular titanate or titania were synthesized by hydrothermal treatments of anatase-type TiO2 in NaOH aqueous solution. The characterization of microstructure of these nanotubular products was examined by X-ray diffraction (XRD), transmission electron microscopy (TEM), X-ray absorption near fine structure (XANES) and so on. From these results, it was clearified that the nanotubes were composed of layered Na-Ti-O, and H-Ti-O nanotubes were obtained by ion-exchange of Na+ for H+ in Na-Ti-O nanotubes by washing with deionized water or dehydrated HCl solution.
Introduction
Nanoscale materials as carbon nanotube [1] have attracted a great deal of attention from scientists and industrials because of its novel electronic and mechanical properties. Since carbon nanotubes were discovered, various syntheses of tubular titania have been attempted by various methods such as template methods. [2, 3] Kasuga et al treated TiO2 in a highly concentrated NaOH aqueous solution for without the need for molds for replication or template and nanotubes with 8 nm in diameter and 100 nm in length were obtained by their experiments.
[4] The synthesized TiO2-derived nanotubes by this chemical process are expected to be useful for various applications such as photocatalysts and solar cells etc. due to their nanotubular structures and high surface areas. [5, 6] However, there is currently much discussion about the formation mechanism and phase of this nanotube. In special, the question why these nanotubes are titanate or anatase is still under discussion. Kasuga et al have concluded that the prepared nanotubes were composed of titania, [4] and this was the conclusion of some later reports. [7, 8] On the contrary, other researchers argued in the favor of titanate structures.[9-12] Moreover, Kasuga et al have reported that nanotubes obtained in their experiments were formed in the washing process with HCl a solution after alkali treatment of TiO2. Du et al, however, have concluded that a washing effect was not confirmed in their synthesis. [9] Although the sodium content in nanotubes can be decreased by the washing process, to clarify the role of this washing process should be important from the point of the formation mechanism elucidation. Therefore, to investigate microstructure and a synthesis process including the washing process of these nanotubes are now of specific interest.
(166) Vol.18 No.4 (2007) Fig. 4 shows the results of microstructure observation by SEM for the products synthesized in this study.
Hydroxyapatite without Si ions had the particle size of approximately a few micron. However, the particle size of products containing Si ions was finer and submicron-sized. The addition of colloidal silica to hydroxyapatite inhibited the crystal growth during hydrothermal treatments. (169) 
